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The Ross procedure has been accepted worldwide as a 
viable alternative for replacement of diseased aortic 
valves, whether congenital, acquired, or  infectious. It is 
unique in providing a living, structurally and architec- 
turally identical alternative to the normal human aortic 
valve. In the brief 40-year history of human aortic valve 
replacement, no other valve substitute, mechanical or  
tissue, can make or  match this claim. Freedom from 
anticoagulation and hemodynamic superiority have been 
documented benefits of the procedure. Serious ques- 
tions remain, however, that limit worldwide use of the 
Ross procedures: 
1. Is a two-valve procedure justified for single-valve 
pathology? 
2. What is the long-term durability of the right 
ventricular outflow tract, and how great is the possibil- 
ity of early graft rejection? 
3. What technique best accomplishes the goal of a 
stable, competent, new aortic valve-subcoronary or  
root replacement? 
This procedure gained adherents worldwide (Figure I) 
after its introduction by  Donald Ross in 1967; however, 
the sheer complexity of the procedure, coupled with the 
above reservations, have limited its growth. 
Indications for the Ross procedure are many, as 
shown by Table 1. Although the application of the Ross 
procedure has extended beyond the suggested indica- 
tions, a useful rule of thumb would be to limit the 
procedure to patients with no evidence of a connective 
tissue disorder (ie, Marfan’s disease, lupus, active 
rheumatic disease), whose single-valve pathology is 
identified, and whose life expectancy exceeds 20 years. 
Conversely, limitations to the Ross procedure include 
patients at the extremes of age and/or with extensive 
associated cardiac pathology (Table 2). 
TABLE 1. Present Indications for Aortic Valve Replacement 
with Pulmonary Autograft 
Patient (male or female) between 11 and 50 years of age 
Single valve pathology in patient (male or female) 
Mechanical or bioprosthetic valve failure 
Endocarditis limited to the aortic root 
Athlete or young adult in whom anticoagulation is contraindi- 
cated and optimal hemodynamics are desirable 
TABLE 2. Present Contraindications for Aortic Valve 
Replacement with the Pulmonary Autograft 
Advanced three-vessel coronary artery disease 
Advanced other valve pathology requiring replacement 
Extremes of age (<1 year or >70 years) 
Severely depressed left ventricular function 
Multi-system organ failure 
Pulmonary valve pathology (congenital, acquired, iatrogenic) 
Marfan Syndrome 
Because of its technical complexity, we first illustrate 
stepwise methods by which this operation may be 
performed safely with predictable and reproducible 
results. Alternative steps advocated by other surgeons 
experienced in the Ross procedure will also be illus- 
trated. These are not meant to confuse the surgeon 
learning this procedure, but to suggest reasonable 
technical alternatives that, based on the individual 
surgeon’s background and perspectives, may also 
achieve acceptable results. 
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Three basic principles must be respected in perform- 
ing the Ross procedure. The failure of any of these will 
significantly reduce the chances for a successful out- 
come: (1) Optimal myocardial protection; (2) an archi- 
tecturally perfect transplanted pulmonary autograft; 
and (3) hemostasis. 
The Ross procedure requires a longer period of 
cardiopulmonary bypass and a longer period of obliga- 
tory ischemic arrest than standard aortic valve replace- 
ment. Table 3 lists a suggested approach to cannulation 
and myocardial protection that, coupled with moderate 
systemic hypothermia (ZSOC), will achieve this goal. 
TABLE 3. Operative Details for Myocardial Protection 
Cannulation-double venous cannulation with vena cavae 
Systematic hypothermia - 28°C 
Left ventricular venting-apical or right superior pulmonary vein 
Intermittent cold blood cardioplegia-antegrade or retrograde 
and topical cold saline or slush 
Insulating pad or jacket 
Monitor myocardial temperature 
occluded by tapes 
An architecturally perfect autograft is best achieved 
by transferring the pulmonary valve as an intact unit 
(ie, root replacement). Although the subcoronary tech- 
nique is theoretically attractive and was used by Donald 
Ross almost exclusively in his early series (90% of the 
time) with superb results,' it is generally difficult for the 
average surgeon to duplicate. Figure 11 shows the 
incidence of postoperative aortic insufficiency leading 
to valve explantation in this subset. Subcoronary place- 
ment is the leading cause of autograft failure, and is 
significantly more susceptible to valve failure than a 
valve implanted using the root replacement technique 
(P = .05, Figure 11). The main drawback of root 
replacement then becomes the long-term fate of the 
transplanted pulmonary autograft wall. Current Ross 
Registry data suggest that in the absence of a specific 
collagen disorder, the pulmonary autograft root main- 
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tains its geometry long-term. Table 4 shows the steps 
needed to achieve perfect transplantation. 
TABLE 4. Architecture: Root Replacement 
Interrupted proximal suture technique for staged annular pli- 
Annular reinforcement-Teflon, felt, or autologous pericardium 
Tailor aortic annulus as needed to fit autograft 
Transesphogeal echocardiogram 
cation and hemostasis 
Lack of adequate hemostasis is the downside of this 
procedure. Some relative coagulopathy is common be- 
cause of the time necessary to perform this operation, 
and must be vigorously searched for and treated. 
Although the majority of patients may be operated on 
without needing additional blood products, these should 
be available and promptly used if any evidence of 
coagulopathy occurs. We prefer the routine use of 
aprotinin or Amicar in these patients. Meticulous atten- 
tion must be given to each suture line as the procedure 
progresses. The proximal and posterior suture lines 
become increasingly inaccessible as the operation 
progresses. The sequence of insertion of the autograft 
root and pulmonary homograft is optional; however, 
insertion of the pulmonary autograft root first, followed 
by pressurization of the root with cardioplegic solution, 
allows a relatively unobstructed assessment of all the 
left-sided high pressure suture lines. Similarly, eleva- 
tion of right-sided pressure by right-sided volume 
loading before aortic unclamping will ensure optimum 
exposure for additional right-sided suture reinforce- 
ment if necessary. These steps are listed in Table 5. 
TABLE 5. Hemostasis 
Sutures - 4.0 prolene for proximal suture line, 5.0 prolene for 
Catch-up sutures as needed in relaxed root 
Aprotinin or Amicar 
distal suture line, and 6.0 prolene for coronary buttons 
Figure 11. The international registry 
data: Autograft failures by technique. 
N = 1,656. 
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SURGICAL TECHNIQUE 
1 The initial incision is placed transversely, approximately 2 cm above the 
commissures of the native aortic valve and divides the aorta completely. 
Careful attention is given to the course of the left main coronary artery by 
preoperative coronary angiography and is now confirmed by gentle probing of 
the left coronary orifice. Previous surgery may have resulted in tenting or 
displacement of the left coronary artery and this can be avoided by staying well 
above the commissures . 
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2 The pulmonary trunk is then incised anteriorly, the pulmonary valve 
inspected, and the distal incision continued in transverse fashion, entirely 
separating the pulmonary root just proximal to its bifnrcation in the right and left 
pulmonary arteries. Dissection is then carried out posteriorly between the 
pulmonary arterial trunk and the aorta, being careful to remain close to the 
pulmonary arterial wall but leaving loose areolar tissue with the autograft. The 
course of the left coronary artery will be obvious, and may be documented again by 
gentle probing as necessary. , 
Caution: Early bifurcation of the left coronary artery into its respective 
branches (the left anterior descending artery and the circumflex) is common in 
patients undergoing the Ross procedure secondary to bicuspid aortic valve disease. 
This may result in the left anterior descending artery being encountered higher on 
the posterior pulnionary autograft wall and must be anticipated during this phase 
of the dissection. 
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3 Dissection of the right ventricular muscle is the crucial point in the Ross procedure and should 
be approached slowly. A point approximately 1 cm below the anterior pulmonary cusp is identified 
by viewing the pulmonary cusp from within the pulmonary artery. A right-angle clamp is then used 
to evaginate the anterior right ventricular outflow tract beneath the valve, and a transverse incision 
is made and carried transversely to the left and right, allowing direct visualization of the right 
ventricular aspect of the pulmonary valve. This incision is continued posteriorly using Metzenbaum 
scissors, keeping the two anterior pulmonary cusps in view at all times. As the posterior right 
ventricular outflow tract muscle is approached, scissors are positioned obliquely, allowing the 
posterior two-thirds of the right ventric'ular muscle width to remain with the right ventricular 
outflow tract. The muscle will appear in this region as two distinct layers and will facilitate the 
dissection. I t  is at this point that the first septal perforating arterial branch or branches may be 
encountered. Remain slightly superficial to these structures as the posterior cusp and valve are 
enucleated, and the autograft harvest is completed. I t  is not uncommon to actually visualize the first 
septal artery at this point lying between the two muscle layers (inset). Both antegrade and retrograde 
blood cardioplegic solution are administered, while muscular arterial and venous bleeders are 
searched for and either electrocauterized or oversewn. 
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4 See legend on opposite page. 
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4 The buttons of the right and left coronary artery are now developed, and excess aortic wall 
tissue is removed down to the native aortic annulus. Interrupted 4-0 prolene sutures are then passed 
through the pulmonary autograft, beginning at the left native aortic valve commissure (between left 
and right cusp attachments) and sequentially placed as simple sutures across the aortic annulus 
from left to right. The orientation of the autograft root and the relationship of the new left coronary 
sinus of Valsalva to the left coronary artery button is easily assessed during this step. Marking 
sutures of 2-0 silk placed at each native aortic commissure will facilitate spacing and help to provide 
exposure during the use of this initial set of proximal sutures. The inset shows the alternative of a 
running 4-0 prolene proximal suture line. Its advantages are speed and shortened cross-clamp time; 
however, this may be accomplished at the expense of accurate and individual placement of sutures 
with the autograft suspended above the aortic annulus for optimum exposure. For this reason, the 
latter technique is not recommended, particularly early in a surgeon’s learning curve of this 
operation. 
External annular reinforcement in the form of a strip of Teflon felt approximately 3-mm wide or 
autologous pericardium, is recommended with the Ross procedures in the adult age group. This is 
done to provide external support for the proximal autograft suture line and to prevent the 
possibility of late dilatation of the annulus. Hemostasis is also optimized using this technique. With 
proper placement of the proximal sutures underneath the aortic annulus and external support in the 
form of Teflon or pericardium, the proximal suture line is secure and the pulmonary autograft to 
aortic size mismatch is corrected as a staged plication or annuloplasty. When a mismatch in the 
excess of 5 mm occurs, additional annuloplasty techniques as advocated by E l k i d  may be used. 
The autograft is now lowered into position and the 4-0 prolene sutures are individually tied. A 
1-cm vertical slit is made in the autograft left coronary sinus, and the left coronary button is 
trimmed, leaving 2 to 3 mm of native aortic wall attached to the left coronary ostium. This button is 
inserted with running 6-0 prolene sutures into the new left coronary sinus. It is rarely necessary to 
excise autograft tissue in this sinus at this point because the elasticity of the autograft will 
compensate for any slight size mismatch. 
The right coronary button is inserted using a similar technique. If there is some question as to its 
exact orientation or placement within the new autograft root, the distal autograft to native aortic 
suture line may be first completed using running 5-0 prolene, the root pressurized with antegrade 
cardioplegic solution, and a site identified for placement of the right coronary button. However, 
from a practical standpoint, the appropriate site for insertion of the right coronary artery is usually 
obvious in the relaxed open root, and the hazards of damage to the right coronary autograft cusp are 
avoided entirely when the initial incision is made under direct vision. 
The distal aortic suture line is completed with 5.0 prolene. In the event that there is ascending 
aortic autograft size mismatch distally, extending the aortic incision vertically, as shown in the 
dotted line in 1, and removing excess aortic wall as necessary (dotted, shaded lines), will correct the 
problem. 
After completion of the distal suture line, antegrade cold blood cardioplegia is administered, the 
root pressurized, and the suture lines carefully inspected. This allows early assessment of the 
competency of the pulmonary autograft. 
296 OURY AND MAXWELL 
5 The pulmonary homograft, which has been thawed, is now brought to the operating table 
and trimmed as needed. The distal suture line is completed with running 5-0 prolene suture. 
Care must be taken not to pursestring this suture line and to allow for an adequate length of the 
homograft. Stretching of the pulmonary homograft may lead to later gradual narrowing of the 
pulmonary homograft. The proximal suture line is made with running 4-0 prolene, using a 
slightly larger needle (SH needle) for easier passage through the right ventricular muscle. These 
sutures are best placed beginning posteriorly with this suture line approximately one-third of 
the depth of the muscle, in order to avoid damage to the first septa1 perforator (see 4). 
With the operation now complete, the aortic cross-clamp is removed and a careful and 
thorough search is made for hemostasis. During this period of rewarming, an appropriate 
interval should be allowed for cardiac metabolic recovery and systemic rewarming. The patient 
is now ready for weaning from cardiopulmonary bypass. 
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6 Two alternative methods for insertion of the pulmonary autograft. (A) The autograft is placed through a 
vertical incision into the left coronary sinus. The left coronary is then inserted as a tongue beginning at the 
base of' this incision (B), and is carried circumferentially toward both the left and right of the aorta, meeting 
anteriorly, and thus, completing the distal suture line (C). Although attractive in situations where excess time 
may be critical or the distal autograft diameter insufficient, the drawbacks of this technique relate to 
significant alteration (ie, enlargement of the sinotubular junction) and also the tendency to kink the 
autograft along the left concave surface between the autograft and pulmonary homograft. 
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'f The autograft may also be placed using the classic subcoronary technique 
(RosdBarratt-Boyes). While attractive because it eliminates any long-term misgivings 
regarding the integrity of the pulmonary autograft wall, it has three major disadvan- 
tages: (1) it is difficult to reproduce the exact architectural orientation of the pulmonary 
cusps in their native setting (ie, the intact pulmonary autograft root and sinuses); (2) 
variable degrees of aortic insufficiency are more frequent with this technique; and (3) 
aortic annular pathology, a frequent accompaniment to congenitally bicuspid aortic 
valves, with or without previous surgery, and annular destruction secondary to 
endocarditis, pose significant problems in terms of accurate and secure suture placement 
within the native aortic annulus. In this situation, the subcoronary insertion is again less 
likely to produce a perfect architectural result. 
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7 (Continued) 
300 OURY AND MAXWELL 
8 
classic root technique with external annular support). 
The completed Ross procedure as recommended (ie, the 
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COMMENTS 
Postoperative Care 
Postoperative systemic pressure should be kept a t  low 
normal levels (90 to 100 mm Hg peak systolic) using 
pharmacological agents (nitroglycerin, Nipride, andlor 
beta blockers) singly or  in combination as the condition 
warrants. This should start when the patient begins 
weaning from cardiopulmonary bypass and continue 
throughout the first 48 hours after operation. Vigorous 
coughing and Valsalva maneuvers should be kept to a 
minimum or avoided completely in the early postopera- 
tive period. Similarly, exercise, particularly isometric 
forms of exercise, should be avoided for the first 6 
weeks. It is important to remember that many patients 
undergoing the Ross procedure are otherwise healthy 
and, in some cases, are driven athletes, who must be 
cautioned regarding the extent of activity during this 
time (6 weeks). Although the practical goal of the 
operation is the full and unlimited return of normal 
activity, this must be accomplished in a progressive and 
prudent manner. Anecdotal reports of early suture line 
dehiscence with serious and even disastrous results, 
reinforce caution in this regard. 
Summary 
The Ross procedure provides an acceptable alternative 
solution to aortic root disease in the young. Its superior 
heinodynamics and freedom from anticoagulant-related 
complications recommend it as the procedure of choice 
for young patients with aortic valve disease. Ross 
Registry data document the normal hemodynamic re- 
sponse of this valve both at rest and with exercise to 
extreme levels.3 
Current follow-up data are available through the 
Ross International Registry, either by printed report or  
on the Internet. By request, a yearly updated report of 
the Registry will be provided from the Ross Registry 
address listed: Katie Mackey, RN, Ross Registry Coor- 
dinator, International Heart Institute of Montana, 554 
West Broadway, Missoula, MT 59802. Tel: (406) 728- 
4558. Fax: (406) 728-4768. Website: http://www.monta- 
na.com/ihiofmt . 
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